Study Design. A questionnaire survey. Objective. The aim of this study was to determine the effect of patient age, dynamic instability, and/or low back pain on the treatment of patients with a degenerative spondylolisthesis, and if the operative approach is affected by surgeon specialty, location, or practice model. Summary of Background Data. The classic treatment for patients with symptomatic degenerative spondylolisthesis is decompression and fusion; however in a select group of patients, an isolated decompression may be reasonable. Methods. A survey was sent to surgeon members of the Lumbar Spine Research Society and AOSpine requesting information regarding their preferred treatment of degenerative spondylolisthesis for a number of different clinical scenarios. Determinants included patient age, the presence of instability, symptoms of low back pain, surgeon's location, surgeon's specialty, and practice model. Results. A total of 223 spine surgeons completed the survey. Age of the patient, the presence of instability, and low back pain all significantly (P < 0.0001) affected the recommended treatment, which were independent of surgeon factors. Older patients were significantly less likely to be offered an interbody fusion and more likely to be recommended for an isolated decompression (P < 0.0001), and the presence of dynamic instability made an interbody fusion more likely than an isolated decompression (P < 0.0001). Of those who responded, 53.2% of surgeons reported they would recommend an isolated decompression for a properly selected patient with a degenerative spondylolisthesis. Conclusion. The most common operative treatment for a degenerative spondylolisthesis is a decompression and fusion; however, the results of this survey demonstrate that surgeons consider degenerative spondylolisthesis a heterogeneous condition that requires an individualized surgical plan. Future studies are needed to evaluate the effect of variables such as age, the presence of low back pain, and the presence of dynamic instability on patient reported outcomes from various surgical options.
L umbar degenerative spondylolisthesis (DS) is a disease process in which the cephalad vertebrae translates anterior on the caudad vertebrae without disruption of the bony architecture. It commonly occurs in females >60 years of age and is routinely accompanied by facet hypertrophy. 1 The combination of DS, facet hypertrophy, and thickening of the ligamentum flavum often leads to spinal stenosis and neurogenic claudication, which can be successfully treated with surgical intervention. 1, 2 Although decompression alone is all that is needed to initially alleviate the symptoms of leg pain, patients with spinal stenosis and DS are commonly treated with decompression and fusion. 3 This treatment algorithm is largely based out of concern for iatrogenic destabilization of the spondylolisthesis leading to poor long-term results. In a landmark study, Herkowitz and Kurz reported improved outcomes in patients with DS treated with decompression and fusion compared to a decompression alone. 4 Furthermore, long-term results of the same cohort demonstrated superior results in the patients who achieved a solid arthrodesis compared to those who developed a pseudarthrosis.
Given the results of the aforementioned studies, it is not surprising that Kepler et al reported a significant decrease in the number of patients in the United States with a DS undergoing an isolated decompression between 1999 and 2011 (12%-4%), and an increase in the number of patients being treated with an interbody fusion (14%-37%). 3 Although there are no high-level studies establishing better outcomes with an interbody fusion compared to an instrumented posterolateral fusion, the improved results associated with a solid arthrodesis are often used as an extrapolated rationale to support the increased cost and complications associated with the more complex surgical procedure. 6 In spite of these trends, a few investigations have suggested that not all patients with DS require a fusion. [7] [8] [9] Certain variables such as age, disc height, fluid in the facet joints, and movement on lumbar flexion/extension films may be useful in identifying those patients who will require fusion and those who will obtain similar benefit with an isolated decompression. 3, [7] [8] [9] Identifying patients that may benefit from an isolated lumbar decompression will benefit individual patients, by allowing them to undergo a less morbid surgical procedure while achieving similar outcomes. It will also have socioeconomic implications as instrumentation and interbody cages drastically drives up the cost of surgery. The purpose of this study is to identify critical patient factors influencing the surgical treatment of patients with DS.
METHODS
A survey (Appendix A, http://links.lww.com/BRS/B45) was sent to all members of the Lumbar Spine Research Society (LSRS) and AOSpine members from all six AO regions of the world (North America, South America, Europe, Africa, Asia, and the Middle East). Each respondent reviewed five cases of patients with DS with different patient variables (age, instability defined as motion on flexion/extension films, and the presence of low back pain). Additionally, each respondent was asked to rank variables that led them to decide to perform an isolated decompression, an instrumented posterolateral fusion, and/or an interbody fusion.
Statistical Methods
Mixed models with Respondent ID as a random effect were used to control for survey participants giving responses to overlapping questions. Mixed models do not require that the participant answer every question. For surgical complexity, the outcome was ordinal (varying complexity), so a mixedeffects ordinal regression model was used. All of these analyses were performed using the statistical software language R version 3.1.1 (R Foundation for Statistical Computing, Vienna, Austria). The logistic regression was performed using the R add-on package ''lme4'' and the ordinal regression using the package ''ordinal''. No statistical analysis was performed for the secondary outcome, the rank order of variables, as our data set was underpowered to address them.
RESULTS
Two hundred and twenty three spine surgeons from all regions of the world completed the survey (Table 1) . Subspecialty (P ¼ 0.51), region of practice (P ¼ 0.19), and practice setting (P ¼ 0.98) had no effect on the respondents' treatment recommendations. Tables 2 and 3 Mixed-effects ordinal regression demonstrated that older patients were more likely to undergo an isolated decompression (P < 0.0001). Conversely, the regression analysis demonstrated that both the presence of instability and the presence of low back pain made an interbody fusion and a posterolateral fusion statistically more likely than an isolated decompression (P < 0.002).
Surgeons reported that the top two factors in deciding to perform an isolated decompression were no motion on flexion/extension radiographs and no back pain (Fig. 1) . Similarly, the presence of motion on flexion/extension radiographs and the presence of low back pain were the two most important factors when a surgeon recommended a posterolateral fusion (Fig. 2) . Surgeons reported the need for direct decompression of the foramen by complete facetectomy was the primary reason to perform interbody fusion, and the second most common reason was to take advantage of the indirect decompression achieved with restoring intervertebral disc height (Fig. 3) . Conversely, surgeons reported that the most important factors that led them to avoid an interbody fusion were the presence of a collapsed disc with advanced spondylotic changes and the lack of motion on flexion/extension radiographs (Fig. 4) .
DISCUSSION
The aim of this paper was to identify factors that surgeons believe are important when developing a treatment plan for a patient with a DS. The age of the patient, the presence of instability, and the presence of low back pain, all demonstrated a statistically significant impact on the treatment recommendation. However, when asked to rank the most important factors, the presence of instability and the presence of low back pain appear to be more important than the age of the patient. The importance of low back pain as a significant factor in the decision to perform a fusion requires discussion, as the effect of a fusion on the low back pain is unclear in the literature. [10] [11] [12] A recent meta-analysis of randomized controlled trials for the treatment of discogenic low back pain found no significant improvement in back pain with surgery compared to rehabilitation; 11 however isolated discogenic low back pain and low back pain associated with DS may not be the same entity because of the increased likelihood of instability associated with spondylolisthesis. Although multiple studies have demonstrated superior outcomes in patients undergoing surgery for DS with predominately leg pain, 12, 13 the Spine Patient Outcomes Research Trial (SPORT) also demonstrated superior outcomes of patients undergoing surgery compared to conservative care for a DS associated with predominantly back pain. 12 Although the primary results of our study are consistent with treatment protocols endorsed by many surgeons, there were some interesting findings among the subgroup analyses. At least 2.5% of surgeons in every circumstance would recommend an isolated decompression for a patient with a DS, and up to 53% of surgeons would recommend an isolated decompression in the correct patient (most commonly in an older patient without significant low back pain or instability). Despite these responses, in 2011, 96% of patients in the American Board of Orthopaedic Surgery database who had surgical treatment for a DS underwent a fusion. 3 The differing results from the current survey and the American Board of Orthopaedic Surgery database highlight the fact that although many surgeons do not believe that all patients with DS require a fusion, in practice almost all patients who undergo surgery for a DS receive a fusion.
There are a number of potential explanations such as the possibility that ideal patients for an isolated decompression (older patients without instability or low back pain) are not reflective of those that are seen clinically. However, in the DS cohort of the SPORT, 34% of patients had predominately leg pain (26% had predominate back and 40% had equal back and leg pain); the average age of patients with DS was 66 AE 10.8 years, and only 7% had evidence of instability. 12 Assuming patients in the DS cohort of the SPORT are representative of patients undergoing surgery for DS, one would expect >4% 3 would be a candidate for an isolated decompression. Another potential confounding factor is the financial reimbursement associated with a fusion compared to an isolated laminectomy.
Spine surgeons clearly believe that the surgical approach to DS should be individualized based on a number of factors including demographics and pathology. However, in practice, it appears that practitioners are reluctant to stray from the traditional surgical algorithm. 3 This highlights one of the must important limitations to all survey-based studies; physicians' survey answers do not always correlate with the way they actually treat patients. So despite the results of the present study, high-level studies identifying patients who will have similar or improved outcomes will likely be required to change practice patterns.
In the available literature, commonly used classifications for spondylolisthesis such as the Wiltse classification 14 and the Meyerding classification 15, 16 do not allow for cogent distinction of important differences in this heterogeneous pathology. Rather, all patients with DS are commonly placed into a single group. However, recently Kepler et al proposed the clinical and radiographic degenerative spondylolisthesis (CARDS) classification for DS, and this new classification divides patients based on the presence of disc collapse, instability, focal kyphosis, and symptoms. 17 To identify the best treatment algorithm for patients with DS, future prospective studies will need to adopt this or a similar system to systematically determine what variables affect treatment results in patients with DS.
Significant limitations to this study exist, including that it is a survey of surgeons and does not represent actual patient data; however the current methodology is the only way to determine current surgical practice, as large reviews lag 3 to 5 years behind current clinical practice. Additionally, in spite of surveying all members of LSRS and AOSpine, only 223 surgeons completed the survey. Although this is a large number of surgeons, it is inadequate to determine a rank order of the reasons to perform different surgical treatments; instead only the trends could be reported. Additionally, there may be other factors that affect surgical decision making that were not included in the survey. Lastly, the survey asked respondents if they would recommend a decompression and posterior spinal fusion without instrumentation, a decompression and posterior spinal fusion with instrumentation, or a decompression and an interbody fusion (PLIF/TLIF). It is possible that the wording was slightly confusing. Although we do not believe changing the wording would have altered the results, it would have been more accurate to use the term posterolateral fusion as opposed to a posterior fusion. In spite of these limitations, our primary results clearly identify that age, the presence of instability, and the presence of back pain all significantly affect the treatment algorithm for a patient with DS.
CONCLUSION
Spine surgeons believe degenerative spondylolisthesis is a heterogeneous pathology, and the treatment needs to be tailored to individual patients. Specifically, the age of the patient, the presence of instability, and the presence of low back pain, all affected the recommended treatment. However, the current literature fails to systematically subclassify patients with DS. Future high-level studies are needed in which patients with DS are subclassified to determine if these variables truly affect patient outcomes.
Key Points
Spine surgeons believe degenerative spondylolisthesis is a heterogeneous pathology, and the treatment needs to be tailored to individual patients. The age of the patient, the presence of instability, and the presence of low back pain, all affected the recommended treatment. Prospective studies are needed to determine which patients with a degenerative spondylolisthesis may be successfully treated with an isolated decompression.
